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This research was conducted under ILIR0017, Adaptive Testing Without A
Computer.
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[.  INTRODUCTION

[tem reponse theory, often referred to as latent-trait theory, has provided
the tools for solving the problem of tailoring a test to the individual.
Traditionally, the same test is given to all individuals regardless of the
ability level of the individual and th- difficulty level of the test. This
mismatch may result in decreased precision of measurerent which may, in turn,
lead to misclassification, errors of selection, poor use of scarce resources
and selection of individuals who are ill-equipped *o perform the tasks at hand.

The development of latent-trait theory (see Lord & Novick, 1907) ha< been the
latest in a constant trend toward making human aptitude measurement nore
precise by adapting tests to examinees.

As early as the beginning of the twentieth century, Alfred Binet (see Peterson,
1926) developed adaptive tests for educational screening. The success of the
group-administered tests developed during the first World War, coupled with the
Tong administration time of the Binet tests, chanqged the course of test deveiop-
ment to efforts aimed at producing the more economical paper-and-pencil group-
administered non-adaptive measurements which have become the standard.

The advent of relatively inexpensive and portable computers has made feasible
computer-directed adaptive testing. In the last decade, numerous studies have
been undertaken in an attempt to accomplish adaptive wmeasurement using
computers (see Weiss, 1977).

Computers, however, are prene to failures at unpredictable times and are still
more expensive than paper-and-pencil wedia. This effort, therefore, was
designed to investigate the feasibility of developing sophisticated adaptive
tests which do not rely on computer administration techniques. Such tests
would eliminate the need for costly machines, capture the advantages of latent-
trait theory, and be as portable as ordinary test booklets.

I[1. METHOD
The Adaptive Test

For this effort, an adaptive test was defined as a test composed of several
scorable iteus which were administered sequentially, so that the item presented
was based on the results of the preceding question, or on the results of all
the preceding questions. In an adaptive testing environment, the examinee 1is
routed from item to item so that not all examinees necessarilty answer all
questions nor necessdarily the same number of questions (McBride, 1977).

Item Pools

Two adaptive content arveas, dord Enowledge (Wh) and Avithmetic Reasoning (AR),
avree uned tor the adaptive tests.  Uoing the maximun Titelihood procedure
deecoribed by dingevsky and Lord (1973), the test items for these content areas
B been calibrated on g sanple of approximately 1,600 Air Force vecvuits,  bach
ability area was calibrated separately using the three-pavameter logistic
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coded Barrtaan, s Tremg whi o had parameters out o oF o vange viere fe et
trom the pooty Teaving a get ot dtemns which were avseopriate tor tee tosting
task,

Frototype Development

Clve protolyoe strategies tor adaptive testing werve procosed, and three of
these were selected tor tevout on o small samples of Ade Force hacic veovgity
to vefine procedures and tecnniques.  The prototypes were desianed oo that
crice the indtial dinstructions were given, the subject would not vequire
turther assistance Yo complete the test,

A edting teat" tollowed by o loasurement test” o was used in ook peator e
These o procedures resulted inoa two-+tage test protocol.  Two nethids of routing
the sabtect trar item to Jter wore used,  For one method, all cubijocte

answered all items in the first stage of the test,  Denending on their pertore-
ance on the first stage, they were routed to one of five second-staqge tente

L,

For tne cecond vauting rothod, all «ubitects started with the firot itoern in
tae gt stage of the test . Depending on whether their response was correct
Crodncorrect, subjects were routed to g more or loos difficult iter . This
same procedure was followed for each subsequent iter in the tirst stage.

The sequenins of dtems answered determined the level of the test to be

taken at trne second staqe,

Prototype |
noveatot e DI vach examinee used o cardboard bax containing 450

;
S0 x 12070 em {3 4 B-dnch) dtew cavds. The test dtems for the twn

Pt
- i G

St wore orinted o the e oo o The tosty were color-coded: and
Y L0 eer e R B TR N Cabitet
ooeter o reyent Toas and Haarvangement, the cards woere held inoa box

Syotwa rodds theeaded theaggn ngles in the cards and ancharved by stioppers

: Chtrongh e cards were not to be removed from the box by
e eaaminee, o e estan af the box was such that, when necessary, worn,
DLt tated, o obnelete Labtests or items could be casily replaced by the
ddmristrator,

RO A 3T

oy wepe o the g et 0 the axaminees were provided with o a one-page,
vorot e armato answer sheet oand a o separate one-pade instryction sheet,

e o gt Y e answer Sheot comrespondmd to the dndividual subtest
Tl Tt et the sambicr of questions and veononse aptions, The

Pt Lt et g e it e ta each subitest and was used by the examinees
' Bt v e Legsarvement abtest to e taren,

cro i et i man wd provided aa pact ob o the package of materials.
vy e e sl a0t and he amindstrator an the anstraction of
v e e fee e e et ot e, Ak o pen with water-hased ink
ot thie v ual diaplay owere proyided,
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Prototype 11

Frototype 11 (PI1) consisted of a set nf two question booklets for epach subtest,
The questions far the first part of cach subtest were presented in a small,
spiral-bound booklet which cantained tabbed 7.62 x 12.70 am {3 x S5-inch) cards
and cover pages. The questions for the second part of the subtest were printed
in a booklet 21,52 x 27.94 cm (B 1/2 x 11 inches).  The examineers were referred
to the appropriate measurement test based on the directions provided on a
separate one-page instruction sheet. fach examines used a total of two sets of
question booklets and instruction sheets for each adwinistration.

The answer sheet for PIT was scannable and had invisible nunbers and marks
precoded in the response areas.  The examinees used special crayons to mark
their answers.  Use of these crayons revealed the previously hidden marks.

One 27.94 x 43.13 cm (11 x 17-inch) answer page printed on both sides of the
paper was used for the subtest.

A manual was provided for the administrator to explain the procedures to be
followed in PITL A visual aid was provided to aid the administrator in
explaining the routing directions for PII. The visual aid was constructed
to illustrate how the hidden marks were to be revealed on the answer sheet
to respond to each test item.

Prototype II1

Far this third prototype (PII1), the questions were presented in a 21.52 x 27.94
cm (B 1/2 x 11-inches) booklet. The responses were recorded by the examinees on

a carbonless transfer answer-sheet set. Ftach examinee used two question booklets
and carbonless transfer answer-sheet sets.  tach answer-sheet set was specifically
designed to correspond to a particular subtest.

A carbonless transfer answer-sheet set consisted of two pages. The top page
was A machine-scannable answer sheet that was spot-glued to a second sheet

of paper. The reverse side of the machine-scannable answer sheet was covered
with a block pattern to inhibit reading of the second sheet, and was treated
so that markings made on the answer sheet were transferred to the seccpd

page of the set. The second page provided the examinees with instructions
that routed them to the appropriate measurement test based on their responses
to the first part of the test.

Anoinstruction manual for PIIT was provided to the administrator. Two visual
aids were used by the agministrator to explain the routing scheme for PIIL.
iach visual aid corresponded tn one page of the answer-sheet set. A pen

#ith water-based ink was provided for use by the administrator with the visual
aids,

kouting Test Uevelopment

The routing test for Prototypes 1 and 1T (PT and PIT) diroctod the examiqoe
from item to item depending on the response to the previous item. A maximum

3




information item-selection procedure was used for theae tyo routing tests
(Sympson, 1977). Ttems which maximized the item-information function
(Birnbaum, 1968) at the estimated ability level, o, were selected after each
item was answered. Fourteen items wore available in each of these tests.
Figure 1 shows the possible paths through the items.

[tom
-1
— N
P
(<)~ T~
2‘//// "3
() | >(+) ()7 T ()
4 \\‘ \‘r
\ /-‘ t
(-) O (-
T T e

o
114 12 134 ~

Figure 1. Paths through the vouting tests for PI and PIT. (Numbers indicate
items; and + and - indicate correct and incorrect responses, respectively.)

The routing test for Prototype II1 (PII1) was a short peaked measure of
ability. There were eight items used in the Arithmetic Reasoning test and
10 items used in the Word Knowledye test.

Design of Administration Instructions

The administration instructions were prepared as integral parts of the proto-
types. The test administrators were only to be available to reinforce these
instructions or to answer appropriate questions.

The instructions were tried out with a number of volunteers whose ages ranged
from nine years through adult and whose educational levels ranged from fourth
grade through graduate school. On the basis of these pre-experimental trials,
changes were made to the instructions in the prototypes and to the adminis-
tration instructions. Instructions for the practice sessions and the special
visual aids appropriate to each prototype were developed and refined, The
administrators were trained in the use of these materials.

Field Test

A total of 711 airmen participated in the field test,  tach took the Word
Ynowledge (WK) and Arithmetic Reasoning (AR) subtests from the Armed Servic:s
Vocational Aptitude Battery (ASVAB), as well as the adaptive WK and AR tests.
In addition, enlistment qualification scores (scores of record) on the
Mechanical, Administrative, General, and Electronics {M,A,G,E) composites of




the ASVAB, as well as the composite known as the Armed Forces Qualification

Test (AFQT), were available for every subject. Other demographic data were
also collected.

Instructional manuals were prepared for use by the administrators in assign-
ment of subjects to prototype and subtest. At least 40 subjects were tested
at each session. [f the administrators encountered any problems at any of
the sessions, they were asked to record these problems and resolutions in
the manuals for review by the contractor. The initial day of administration
was observed by the researchers.

For the field tryout of the prototypes, a practice test and an actual test
were administered. Half of the subjects were randomly assigned to the UK
adaptive tests and half were assigned the AR adaptive tests for the practice
test. For the actual testing session the assignment of subjects to an
adaptive test were reversed. Those subjects who were assigned the WK adaptive
test for the practice session took the AR adaptive test during the actual
testing session and vice versa. Thus, for each testing session, two adaptive
tests were administered to each subject, one for practice and one for actual
scoring.

Ability estimation in the routing test for PI and PII were determined from
maximum-1ikelihood estimates of ability for each of the 32 possible combinations
of right and wrong answers.

The routing test of PITI was designed so that all examinees took all items.
These items were arranged within a short band and produced a peaked-test
information function. The resultant ability estimate was used to route
exaininees to the appropriate measurement test.

Measurement Test Development

The neasurement tests for PI and PII were the same. The medium for adminis-
tration of each prototype differed. The tests were developed to provide
maximum measurement precision within a relatively narrow range. This range
was determined by the resultant O from the routing test. In order to ensure
adequate coverage of the ability continuum, the measurement test information
functions were carefully designed to overiap. Ffigure 2 represents the model.

Test 1 1 111 IV )

tion

" Ay

]

S0 -1.5 -1.0 -.% n .5 1.0 15 2.0

Figure 2. Overlapping intormation functions for measurement tests.




The veasacetent tegts for PIHID were constituted in omuch the same manney as
Coe D any Pl extept that cutting points were hased on the number right

Ve o . g 3 theaucgh ) show the actual information functions for
the tedsureoent et tar all arototypes for both aptitude areas.

[T, RESULTS

Ut e o age and non-adaptive WK and AR test scores were

Concten o e sahiiects. Table 1 presents these statistics for the entire
G o e e e ercent made and 25 percent female. Table 7 shows
St e N1ty scores, o) obtained by subjects for each prototype.

arreat o, were corputed tor all the variables. Tables 3, 4, and 5 show
tre correiations for all variables for PI, PII, and PIII.

Toootest was computed (Bdwards, 1958) to determine if there were differences
netween the correlation of the paper-and-pencil tests with AFOT and the like-
matied adaptive tests for AFQT,  In no case were the differences significant
at the predetermined p <.05 level.

The time regqdired to complete the adaptive tests was recorded. ASYAB admin-
istrative *imes are fixed, Table 6 displays a descripticn of the time required
to complete both types of tests.

The subjects also were questioned as to their perceptions of the adaptive tests
as compared to traditional paper-and-pencil tests. Table 7 presents a summary
of their responses.

IV. DISCUSSION

Three prototype methods were developed to test the efficacy of the use of
paper-and-pencil adaptive tests. Routing of the examineces through the test
was accomplished by one of two procedures. In one routing procedure, the
examinees were routed from item to item, depending on their answers to pre-
vious items. The sequence of items answered determined the second-stage

level of testing. The second routing procedure provided for all the examinees
tooantwer the same tems in the first-stage test. The number of correct
responses in the first stage determined the second-stage level of testing.

Tan subtests (Aritnretic Peasoning and Word Knowledge) were administered

to each examinee in a counterbalanced design: one for practice and one for
the actual test. The items for these subtests were selected from item pools
orovided by the Air Force Human Resources Laboratory. ASVAB subtests in the
Same areas were also administered to each examinee. [xaminees participated
a5 subjects for one of three prototypes. These data were correlated with the
ASUAB subtest score of the same name, and enlistment qualification composites
obtained from existing records.

The results of the analyses showed that the prototype methods werve successful.
There was a high correlation between the ability estimates of the examinees
on the subtests within each prototype and their scores on corresponding ASVAB
subtests. Significance tests indicated that these observed correlations did
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Table 1
Descriptive Statistics Age and Test Scores* for Subjects
(N = 711)
Variable Mean ;'”?”“T” Skew Kurtosis
fevidtion
oo (years) 2050 2.1l 1.10 .08
Al 04.98 15.11 .32 - .45
M 61.79 25.05 ) - .96
A 0.7 19.17 ~ .06 - .02
G 72.50 15. 10 - .30 - .80
£ 71.72 17.62 - .75 - .03
ASVAB-WK 22.57 4,492 - .48 - .46
ASULE AR 13,90 3.41 - .03 - .67
AATOT MO AL Goand £ oare veported in percentile equivalents

whiie WK and aroare reported in nuicber right-score.
Tdb](‘ 2
Cacprintive Statintice for word Knowledqge and Acithmetic
Reasoning Adaptive fests.

Prototype Aptitude Mean ti::ffgin N
1 A3 -3 R 111
i W 0l 102 73
Il AR -1 A 117
11 W -0 %7 120
Il AR -.02 84 104
B 214 v . 8h 67




e e e e e - o

AFQT
AGE

SEX

WK

AR

Intercorrelations* of ArOl, Aqe, te

for Prototype 1.

Variables

I

ATOT

.24

L7
.46
.44
.88

7

.01 -.29 .41 .61 .26
.69 .30 .03 .84 .43 .16

.63 21 .10 A4 44 4]

v (l”d Tt

.09

40
.71

Y47

DOt

Wi

.63
.63
.04

.42

.40

R

XEntries avove diagonal are for aritheetic Peasoming adaptive

Sex,

and Test “core

tor tne aord Yroaledage adaptive test.

— ——

WK

AR

Gt
83 .73 .66 .55
08 -.03 .24 .01
-1l -.44 =20 -.34
51 .48 .33 .68
35 .99 .37 .44
A0 L2
61

.67

62

.55

test, -, and those Lelow are
Table d
Intercorrelations* of Aiab, Age,
Variables for Prototype 11.
A}Qf Aggmﬂ—qStg‘--:i‘-—}; A
AT NL.09 .05 6 .39 .34
AGE .13 18
SEX -.06 .24
o 7 31
M .39 000 -.66 0 23
A 35 -.01 28 .37
G .87 Az -0 .79 .30 .42
E .74 01 -.44 34 62 .15
WK .64 .20 .03 .87 .26 .39
AR .59 000 <15 .51 .33 .49
*Entries above diaconal for Arithmet ic Qoﬁéﬂﬁihq ataptive
test ..,

.51

.43

and those below are for the word toowledae adaptive test.




Table b

Intercorrelationst of A1l Age,
variables tor Prototype 111,

Sex, and Test Score

AFT

AGL

SEXC 0 M A G L WKk AR
AFQT L5 NFS#*#* 51 51 .85 .84 .75 .68 .51
AGE -.03 X .18 .05 .21 .14 07 .15 .14
SEX** X X X XK X 4 & X X
f 60 .06 ' 27 A 46 43 .25 73
M 50 <0100 x LA 05 .3% .63 .39 .32
A 38 .24 x o L3611 .63 .30 .32 .50
G 89 020 x .73 .50 .35 5777 .53
E A7 0100 x .54 .70 .32 .42
WK L7006 x .85 .41 .40 .72 .59 .32
AR 74 .02 x .54 .43 51 .76 .74 .59

T ntries above dadona e for Arithmetic ¥easoning adaptive
tost, ¢, and thuse below are tor the dord tnowledge adaptive test
**ho female subjects.
Table ©

Mean and Standard Deviation of Test Administration Tiues.

Test Mean Tine Standard Deviation

ASV B
It )y
WH <)

Pl »
fn 21.17 N A
WK 10.38 2.9

Pli
R 17.67 5.19
WK 1.79 2.07

PIIl
AR 10.47 5.66
WY, 8.73 2.17

*ASVAB tests of AR and WK are fixed time.
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not differ.  The adaptive tests and the linear tests appear to be measuring
the same aptitude.

Savings were obtained in the average time required to complete the adaptive
tests as compared to the conventional paper-and-pencil test. The Arithmetic
Reasoning (AR) subtest and the Word Knowledge (WK) subtest represent the
item types which usually require the most and least time per item to admin-
ister, respectively. Reduction in AR time was about 66 percent of the usual
required time, while WK time was reduced to less than half the usual time,

A fuily adaptive battery could be expected to allow for an increase of six
subtests given in the same time required to administer Forms 6 and 7 of the
ASYAB.  This would provide superior measurement by enabling more data to be
collected on each examinee. Reduction in classification decision errors
would devolve from this additional information,

Examninees responses to the questions on perceptions ahout the u.e of adaptive
testing prototypes were generally favorable, as has been found elsewhere
(Prestwood & Weiss, 1978). These methods allowed them to be tested at their
aani level of ability and to proceed at their own rate. In addition, many
felt that this kind of testing was easier than traditional testing because
there were fewer items to answer, and the test taking was less fatiquing than
traditional methods.

This effort provides a successful demonstration that adaptive testing can be
conducted without the use of expensive computers. Further exploration and
development with other aptitude areas and with a traditional criterion will
have to be accomplished before any long-range decisions are made about the
general implementation of these methods in the Armed forces testing program.
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AFHRL-TR-80-66 (AD)-A007 353) Friedman Adaptive Testing Without a Computer

br | Due to norming problems encountered with ASVAB Forms 5. 6, and 7. percentile scores derived from
these test forms are in error. While the relative ranking of individuals by their percentile scores would not
e, be affected by the norming errors. their absolute score values would be different. Therefore. descriptive

statistics reported in the subject technical reports above are erroneous: other types of analyses in the
report which use ASVAB percentile scores should be interpreted with caution.

o NANCY GUINN. Technical Director
Manpower and Personnel Division




